The hiiragi Gene Encodes a Poly(A) Polymerase, Which Controls the Formation of the Wing Margin in Drosophila melanogaster  by Murata, Takehide et al.
Tt
w
n
a
p
Developmental Biology 233, 137–147 (2001)
doi:10.1006/dbio.2001.0205, available online at http://www.idealibrary.com onThe hiiragi Gene Encodes a Poly(A) Polymerase,
Which Controls the Formation of the Wing Margin
in Drosophila melanogaster
Takehide Murata,*,1 Hideyuki Nagaso,* Shin-ichi Kashiwabara,†
adashi Baba,† Hideyuki Okano,‡ and Kazunari K. Yokoyama*
*RIKEN Tsukuba Institute, Tsukuba, Ibaraki 305-0074, Japan; †Institute of Applied
Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572, Japan; and ‡Division
of Neuroanatomy (D12), Department of Neuroscience, Biomedical Research Center,
Osaka University Graduate School of Medicine, Suita, Osaka 565-0871, Japan
The hiiragi (hrg) gene plays a key role in the development of the wing margin in Drosophila melanogaster. A mutation in
he hrg gene resulted in a decrease in the level of the hrg transcript and was associated with a notched wing phenotype. We
report here that the hrg gene encodes a poly(A) polymerase (PAP). The bovine cDNA for PAP type II reversed the phenotype
due to mutation of the hrg gene, suggesting that hrg might encode a functional homolog of PAP. A mutation that reduced
the enzymatic activity of Hrg failed to reverse the phenotype of hrg mutants, suggesting that the enzymatic activity of Hrg
as required to rescue the wing phenotype. The levels of expression of wingless and cut at the presumptive wing margins
were reduced in the late third-instar larvae of hrg mutants. These results suggest that the product of hrg is required for the
ormal expression of a series of genes in this region. Our results provide the first evidence that a PAP in Drosophila plays
key role in the early development of the wing margin, acting to regulate the specific expression of a series of genes via,
erhaps, control of the processing of the 3* ends of transcripts. © 2001 Academic Press
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The patterning, cell growth, and development of a mul-
ticellular organism are complex processes that rely on the
spatial and temporal orchestration of interactions among
individual cells. Cells are assigned compartment-specific
identities and, in Drosophila, interactions across bound-
aries between compartments lead to the formation of
“pattern-organizing centers” that control cell growth and
specify cell fates in the wing primordia (Basler and Struhl,
1994; Diaz-Benjumea et al., 1994; Jockusch and Nagy, 1997;
Williams et al., 1994). Several genes that are expressed at
the presumptive wing margin of the wing imaginal discs of
Drosophila, including cut (ct), wingless (wg), and vestigial
(vg), play key roles in the development of the wing margin.
Mutations in these genes result in the loss of wing margin
structure (Lindsley and Zimm, 1992). The expression of
1 To whom correspondence should be addressed. Fax: 181-298-
r36-9120; E-mail: tmurata@rtc.riken.go.jp.
0012-1606/01 $35.00
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All rights of reproduction in any form reserved.hese genes is regulated by the Notch signal (Kim et al.,
996; Neumann and Cohen, 1996). Localized activation of
otch along the dorsal/ventral (D/V) compartment bound-
ry during the development of the wing imaginal disc is
ritical for the formation of the wing margin (de Celis et al.,
996; Diaz-Benjumea and Cohen, 1995; Doherty et al.,
996).
The hiiragi (hrg) gene plays an essential role in the
evelopment of adult wing margins. Mutation by insertion
f a P element in the hrg gene and imprecise excision of the
element resulted in the loss of tissue at the adult wing
argin. However, in viable individuals with various hrg
lleles, only this wing phenotype is observed. We have
eported previously that the phenotype of hrg mutation can
e modulated by mutations of Notch, Serrate, and other
enes in the Notch pathway which cause defects in the
ing margin (Murata et al., 1996b).
We report here the detailed characterization of the hrg
ene and its product. In our study of hrg mutants, we found
educed expression of hrg and of genes expressed at the
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138 Murata et al.presumptive wing margin of the wing imaginal discs. Our
observations suggest a role for hrg in the formation of the
presumptive wing margin in developing wing discs. We also
present evidence that the product of the hrg gene is a
oly(A) polymerase (PAP; Lingner et al., 1991; Raabe et al.,
991; Wahle et al., 1991) and that the reduced expression of
AP results in the loss of wing margin structure, perhaps
hrough the reduced expression of genes that are active at
he wing margin. Taken together, our results suggest that
AP plays a key role in the development of the wing margin
n Drosophila, acting to regulate the specific expression of a
eries of genes via control, perhaps, of the processing of
heir 39 ends of transcripts and the efficiency of polyadenyl-
ation.
MATERIALS AND METHODS
Drosophila Stocks
The hrg10 gene refers to a nonlethal allele of hrg: lethality and the
notched phenotype (Murata et al., 1996b) were separated by recom-
bination between hrg10 and the wild-type gene. The Gal4 and UAS
lines used in this study were Gal4 line MS1096 (Mila´n et al., 1998)
and Gal4 line C-765 (Go´mez-Skarmeta et al., 1996; Sotillos et al.,
1997). MS1096 expressed GAL4 in the dorsal region of wing pouch
in the early third-instar larva stage and then extended into the
dorsal and ventral regions in the late third-instar larva stage. C-765
expressed GAL4 ubiquitously. The following transgenic fly lines
carrying a lacZ reporter gene were also used: ctwHZ-2 (ct-lacZ)
(Jack et al., 1991) and vgBE-lacZ (Williams et al., 1994). Canton-S
was used as the wild-type stock and w1118 was used as the recipient
or germ-line transformation (Rubin and Spradling, 1982). Descrip-
ions of balancer chromosomes and markers have been provided
lsewhere (FlyBase, 1994; Lindsley and Zimm, 1992).
Construction of Plasmids and Germ-Line
Transformation
We screened genomic fragments that flanked the site of insertion
of the P element in hrgP1 and obtained a 1.5-kb EcoRI–HindIII
fragment. We then used the 1.5-kb fragment as a probe to isolate a
genomic clone that covered a 20-kb region from a lambda phage
library derived from the genomic DNA of wild-type Canton-S. The
resultant phage DNA was digested with SalI, and a 6.8-kb SalI
fragment spanning the hrg locus was subcloned into pBluescriptII
SK(2) (Stratagene, La Jolla, CA) to yield phrg72. The embryonic
cDNA clone phrgE, which contained the complete coding region,
was obtained from the Berkeley Drosophila Genome Project/HHMI
EST Project (unpublished). The nucleotide sequence was deter-
mined by dideoxy sequencing and has been deposited in the DNA
Data Bank of Japan (accession number AB018431). To generate the
phrgD175A clone, the oligonucleotide 59-GCATCGAAATTGC-
TTTGCTGTTTGC-39 was used for site-directed mutagenesis with
hrgE as the template. Mutagenesis was carried out according to the
rocedure described by the manufacturer of the kit for site-directed
utagenesis (Clontech Laboratories, Palo Alto, CA). To generate
ransgenes, we ligated a SalI–SalI DNA fragment of phrg72, a XhoI–
baI DNA fragment of phrgE and of phrgD175A, and a cDNA
ragment that contained the complete coding region of bovine poly(A)
olymerase type II (PAPII; Gunderson et al., 1997) into the pUAST e
Copyright © 2001 by Academic Press. All rightector (Brand and Perrimon, 1993) to generate P[hrg72], UAS-hrgE,
AS-hrgD175A, and UAS-bPAPII, respectively. These constructs
ere injected into w1118 as described elsewhere (Murata et al., 1996a;
Rubin and Spradling, 1982).
In Situ Hybridization and Staining
for b-Galactosidase Activity
In situ hybridization using whole-mount imaginal discs and
digoxigenin-labeled RNA probes and subsequent staining with
digoxigenin-specific antibodies (Boehringer Mannheim, Mann-
heim, Germany) were performed as described elsewhere (Jiang et
al., 1991). Staining of imaginal discs for detection of b-galactosidase
activity was performed essentially as described elsewhere (Murata
et al., 1996a).
Northern Blotting Analysis
Poly(A)1 RNA was purified on an oligo(dT) column (GIBCO BRL,
ockville, MD) from total RNA that had been prepared with the
rizol reagent (GIBCO BRL). The purified poly(A)1 RNA was
ractionated by electrophoresis on a 1.5% agarose gel that con-
ained formaldehyde, and then transferred to a nylon membrane.
adiolabeled probes were prepared by random priming with a kit
Boehringer Mannheim) in the presence of [a-32P]dCTP (Amersham
Pharmacia Biotech, Buckinghamshire, England).
Measurement of Enzymatic Activity
The Myc-tagged hrgE clones phrgE-Myc and phrgD175A-Myc
were digested with NotI, and 0.5 mg of the digested products were
sed to generate Hrg in a reticulocyte lysate system (Promega,
adison, WI). Poly(A) polymerase activity was determined by
easuring incorporation of AMP from [a-32P]ATP (400 Ci/mmol;
mersham Pharmacia Biotech) with an oligo(A)12 RNA primer in
the presence of MnCl2, as described previously (Colgan and Man-
ey, 1997). The reaction mixture (25 ml) contained 50 mM Tris–HCl
pH 8.3), 40 mM KCl, 0.5 mM MnCl2, 25 mM (NH4)2SO4, 0.25 mM
dithiothreitol, 7% glycerol, 0.3% (w/v) polyvinyl alcohol, 0.05%
(w/v) acetylated BSA, 12.5 units of RNase inhibitor (Promega), 1 mg
of oligo(A)12, 0.1 mM [a-32P]ATP (600 cpm/pmol), and an aliquot (1
ml) of the reaction mixture after in vitro translation, as described
above. After incubation for indicated times at 30°C, a portion (5 ml)
of the reaction mixture was spotted onto DE-81 paper (Whatman
International, Maidstone, England). The paper was dried, and then
washed five times with 0.1 M sodium phosphate buffer (pH 7.0) and
once with ethanol. Radioactivity due to incorporated AMP was
then measured in a liquid scintillation counter.
RESULTS
Mutation of hrg Affects the Formation of the Wing
Margin
Since mutation at the hrg locus resulted in loss of a
normal wing margin, we first examined whether expression
of the ct and wg genes might be altered by mutations in the
rg gene, namely, by hrgP1 and hrg10 (Murata et al., 1996b).
educed expression of lacZ directed by the ct margin
nhancer (Jack et al., 1991) along the boundary of the
s of reproduction in any form reserved.
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Copyright © 2001 by Academic Press. All rightdorsal/ventral (D/V) compartment was evident around the
anterior/posterior (A/P) boundary and, for the most part, in
both the anterior and posterior regions of the wing pouch
(Figs. 1A and 1B). Reduced expression of wg was observed
pecifically at the wing margin, while expression of wg in
ther regions of the wing disc, as well as in other imaginal
iscs such as the leg discs (data not shown), was unaffected
y the mutations in the hrg gene (Figs. 1C and 1D). Thus, it
ppeared that hrg might act specifically in the regulation of
xpression of the wg gene at the presumptive wing margin
rather than in the regulation of the overall expression of wg.
The reduced levels of expression of ct and wg that were
associated with mutations in the hrg gene suggested that
loss of expression of these genes might be responsible for
the loss of the normal wing-margin structure in the hrg
mutants.
Characterization of the hrg Gene
Since the duplication Dp(2;Y)53D;57C, which covers the
hrg locus (Murata et al., 1996b), rescued the notched phe-
notype of adult wings of hrgP1 mutant flies (data not shown),
e searched for fragments of genomic DNA that encoded
enes that could restore hrg activity. Among the DNA
ragments isolated from a wild-type genomic DNA library,
e identified a 6.8-kb SalI fragment (hrg72; Fig. 2A) that
as able to rescue the adult wing phenotype when intro-
uced into hrgP1 and hrg10 mutants by P element-mediated
transformation (Fig. 3C). DNA sequence analysis of phrg72
and embryonic cDNA clones allowed us to identify the
hrgE transcript (embryonic hrg) as a transcript that corre-
ponded to part of the genomic DNA of phrg72. Northern
lots of larval RNA with a cDNA probe for hrgE and the
hrg72 probe demonstrated that a 4.0-kb transcript was the
ajor hybridizing species in wild-type larvae and that the
evel of this transcript was eightfold less in hrgP1 and
threefold less in hrg10 mutants, respectively (Fig. 2B and
ata not shown). Neither hrgP1 nor hrg10 are null alleles of
he hrg gene because RT-PCR detected coding regions of hrg
n these alleles (data not shown).
Using the Gal4 line C-765 (Go´mez-Skarmeta et al., 1996;
otillos et al., 1997), we showed that introduction of the
AS-hrgE transgene rescued the wing phenotype in hrg10
mutant flies (Fig. 3D). Such a change in wing phenotype was
never observed in hrg10 flies that harbored C-765-Gal4 alone
or UAS-hrgE alone (data not shown). Thus, hrgE was suffi-
cient to reverse the hrg mutation. Taken together, the
results suggest that the level of expression of hrg is reduced
in flies with the mutant alleles of the hrg gene and that the
script, as a negative control. Incorporation of radiolabeled AMP
into the oligo(A)12 primer was measured in a liquid scintillation
ounter. E, Control reticulocyte lysate; crosses, Lysate plusFIG. 2. Cloning of the hrg gene. (A) Schematic representation of
he hrg locus. A transgene containing the SalI–SalI DNA fragment,
P[hrg72], restored normal activity (Fig. 3C). Transcription units
were identified by sequence analysis. Exons are indicated by
horizontal lines and splicing is indicated by angled lines between
exons. S, SalI; H, HindIII. (B) Northern blotting analysis. Poly(A)1
RNA was prepared from wild-type (lane 1), hrgP1 (lane 2), and hrg10
(lane 3) late larvae. The filter was probed simultaneously with hrgE
DNA and a probe for the rp49 gene (for ribosomal protein RP49;
aslet et al., 1980), which served as an internal control. The levels
f hrg transcripts were reduced in the case of hrg mutant alleles. (C)
ssay of nonspecific polyadenylation. The nonspecific activity of
rg was measured with a reticulocyte lysate that contained phrgE-
yc and phrgD175A-Myc, and it was compared with the activity ofhrgD175A-Myc; F, Lysate plus phrgE-Myc.
s of reproduction in any form reserved.
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141hiiragi Encodes Poly(A) Polymerasereduced expression of hrg results in failure to develop a
ormal wing.
The hrg gene appears to function at the wing margin both
orrectly and specifically since no defects other than abnor-
al wing margins were found in hrgP1 and hrg10 flies
Murata et al., 1996b). The expression of hrg was detected in
most tissues, including the imaginal discs, fat bodies,
salivary glands, and muscles of wild-type larvae (Fig. 4, and
data not shown). Such ubiquitous expression of hrg was
impaired in larvae with mutant hrg alleles (data not shown).
We sequenced the hrgE clone and found that it exhibited
the strongest homology to genes for mammalian poly(A)
polymerase (PAP; Raabe et al., 1991; Wahle et al., 1991; Fig.
5). Therefore, we postulated that hrg might encode a PAP of
Drosophila, with the ATG codon closest to the 59 end
within the open reading frame serving as an initiation
codon (Fig. 5A). The insertion of the P element in hrgP1 that
caused the mutation was located at a site 615 bp upstream
from the ATG codon (Fig. 2A). Genomic PCR followed by
the nucleotide sequence analysis revealed that hrg10 allele
was generated by excision of the P element but remains to
have a 1.2-kb sequence of a P element. Furthermore, the
egion of 40 bp surrounding the insertion site of the P
lement was deleted.
The deduced amino acid sequence of the Hrg protein
ncluded a catalytic domain at the amino terminus [68.0%
omology to amino acids (a.a.) 59 to 186 in bovine PAP
Martin and Keller, 1996); Fig. 5C] and a region that was
trongly homologous (69.7%; Fig. 5D) to bovine PAP in the
entral region of the protein (a.a. 187 to 422 in bovine PAP).
he primer-binding region, which also included a putative
uclear-localization signal sequence (a.a. 488 to 508), exhib-
ted somewhat weaker homology to bovine PAP (47.6%;
ig. 5E).
hrg Encodes a Functional Homolog of Poly(A)
Polymerase
We expressed Hrg in vitro using a reticulocyte lysate
expression system and tested its PAP activity by measuring
the incorporation of AMP into a primer. As shown in Fig.
2C, we detected substantial activity in the lysate that
contained Hrg, while only a very limited incorporation of
[32P]-labeled AMP was recorded in the case of the control
lysate. Replacement of aspartic acid by alanine at position
167 of bovine PAPII is known to disrupt the enzymatic
activity of PAPII (Martin and Keller, 1996). We made a
mutant Hrg with alanine instead of aspartic acid at position
175 (HrgD175A), which corresponded to position 167 of
bovine PAPII. This mutation resulted in loss of the PAP
activity of Hrg (Fig. 2C), confirming that hrg encodes a
counterpart of PAP in Drosophila.
To examine whether a defect in PAP might be responsible
for the wing phenotype of hrg mutants, we introduced
cDNA for bovine PAPII into flies by P element-mediated
transformation. We found that all hrg10 flies with the Gal4
line MS1096 (Mila´n et al., 1998) and UAS-bPAPII had
Copyright © 2001 by Academic Press. All rightwild-type wings (Fig. 3F). No such change in the appearance
of the wing phenotype of hrg10 flies was ever detected in
rg10 flies with UAS-bPAPII alone (Fig. 3E) or with MS1096
alone (data not shown). Furthermore, the wing phenotype of
the hrg10 mutants did not return to the wild-type wing
phenotype when hrgE that encoded not aspartic acid, but
alanine at position 175, was expressed in the hrg10 mutants
by introduction of UAS-hrgD175A and the C-765 Gal4 line.
These results suggest that the wing phenotype of hrg might
e due to reduction of the expression of a gene that encodes
protein that is functionally similar to PAP.
DISCUSSION
The wing phenotype of hrg mutants reverted to the wild
type with increases in the level of expression of hrg,
achieved by chromosomal duplication of the hrg locus,
introduction of a genomic clone of hrg, or forced expression
of a cDNA for hrg (Fig. 3). These observations suggest that
the aberrant wing phenotype of hrg mutants was caused by
the reduced expression of hrg. hrgP1 was identified as a
mutant with a P element insertion, and the inserted P
lement in hrgP1 was located at a site 615 bp upstream from
the site of initiation of translation of the Hrg protein. The
insertion of the P element resulted in the reduced expres-
ion of hrg and excision of the P element resulted in
ild-type flies, suggesting that a mutation in the hrg gene
as generated by the insertion of the P element (Murata et
l., 1996b). We confirmed that a PAP of Drosophila was
ncoded by the hiiragi gene, since it met each of the
ollowing three criteria. 1) Northern blotting of larval RNA,
ith phrgE as the probe, revealed reduced levels of the
.0-kb transcript in hrgP1 and hrg10 mutants (Fig. 2B). 2) Hrg
protein synthesized in vitro had polyadenylation activity
(Fig. 2C). 3) Expression of the hrgE transgene rescued the
wing phenotype in hrg10 mutant flies. Thus, hrgE was
sufficient to reverse the hrg mutation. Furthermore, bovine
PAPII rescued the wing phenotype in hrg10 mutant flies (Fig.
3). All our results suggest that the hrg gene encodes a
counterpart of PAP in Drosophila and that the appearance
of the wing phenotype of hrg mutants was caused by the
reduced expression of hrg. Furthermore, it is likely that the
reduced expression of hrg might result in a reduction in
PAP activity because the expression of a mutant form of
PAP (HrgD175A), which lost the enzymatic activity of Hrg,
was not sufficient to restore the wild-type activity of the
hrg gene.
PAP is a single-subunit enzyme responsible for the addi-
tion of adenylate residues to cleaved mRNA (Lingner et al.,
1991; Raabe et al., 1991; Wahle et al., 1991) and it is also
required, in many cases, for the cleavage reaction in vitro.
Various requirements for PAP have been proposed as a
result of reconstitution analysis in vitro (Colgan and Man-
ley, 1997), as well as from studies of the pap-1 mutant of
yeast (Mandart and Parker, 1995; Minvielle-Sebastia et al.,
1994). Evidence is accumulating to suggest that PAP is
s of reproduction in any form reserved.
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143hiiragi Encodes Poly(A) Polymeraseinvolved in specific phenomena in cultured cells, such as
the regulation of proliferation and apoptosis (Atabasides et
al., 1998; Pendurthi et al., 1997; Zhao and Manley, 1998).
The phenotype of viable flies with the mutant alleles hrgP1
and hrg10 is evident only as abnormal wing margins and we
had initially speculated that the normal expression of hrg
might be restricted to the wing margins in wild-type larvae
or that the expression of mutant hrg alleles might affect
only wing margins. However, we detected normal expres-
sion of hrg in most tissues (Fig. 4) and such ubiquitous
xpression of hrg was entirely impaired in hrg mutant
arvae (data not shown). It has been reported that the TPAP
ene is thought to be the second locus of vertebrate PAP,
nd is expressed specifically in spermatogenic cells (Kashi-
abara et al., 2000). We surveyed the complete Drosophila
equence (Adams et al., 2000) for sequences related to hrg
nd vertebrate PAP, but we were not able to find related
equences of PAP, other than hrg. Mount and Salz (2000)
lso reported only one PAP in the Drosophila genome.
hus, we concluded that hrg is the only gene that encodes
FIG. 4. Expression of hrg mRNA in a wild-type specimen, detecte
as template (A and B). The sense RNA probe was used as a negativ
(A) but also in the leg (B) and eye-antennal (data not shown) imag
imaginal discs of hrg mutants (data not shown). Scale bar: in A, 20rosophila PAP. Nonetheless, only the specific repression
Copyright © 2001 by Academic Press. All rightof “margin genes” was evident at wing margins. These
observations indicate that wing margin-specific defects are
the predominant phenotypic changes in viable flies with
mutant alleles of the hrg gene.
The notched-wing phenotype of hrg mutant flies (Fig. 3)
suggests that Hrg, a counterpart in Drosophila PAP, might
be involved in a particular cellular event during the forma-
tion of adult wings. Several genes that are expressed at the
presumptive wing margin of the wing imaginal discs, in-
cluding ct, wg, and vg, play key roles in the development of
the wing margin. We also demonstrated a reduction in the
level of expression of these genes at the presumptive wing
margin of hrg mutants (Figs. 1A–1D). Since the expression
of margin genes and that of the lacZ reporter gene were
affected, it is possible that mutation of the hrg gene might
influence the regulation of transcription of the margin
genes, rather than the stability of the transcripts. The
region of expression of these genes is determined by the
Notch signal (Kim et al., 1996; Neumann and Cohen, 1996).
Localized activation of Notch along the D/V compartment
th a digoxigenin-labeled antisense RNA probe derived from phrgE
trol (C and D). hrg mRNA was detected not only in the wing disc
discs. The level of expression of hrg was reduced throughout the
.d wi
e con
inalboundary during the development of the wing imaginal disc
s of reproduction in any form reserved.
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145hiiragi Encodes Poly(A) PolymeraseFIG. 5. (A) Predicted amino acid sequence of Hrg protein of the Drosophila. (B) Schematic representation of Hrg from D. melanogaster (D.
mel) and bovine PAPII (B. tau). The location of the catalytic core and the primer-binding sequence are indicated above the bars, and regions
of homology and nuclear localization signals (NLS) are indicated by hatched and solid boxes, respectively. Numbers above boxes indicate
the positions of amino acids at the beginning and end of each region. Homology (as a percentage) is indicated between boxes. (C–E)
Comparison of Drosophila Hrg to mammalian PAPs. Alignment of the amino acid sequence of Drosophila Hrg (hrgE) with sequences of
ovine PAPII, human PAP (hPAP and hPAPT), and mouse testicular PAP (accession nos.: Drosophila, AB018431; bovine, X61585; human,
76770 and AF218840; and mouse, AB030729). Plus signs indicate the positions of conserved residues shared by all five proteins. Colons
ndicate conserved residues shared by Hrg and three of the remaining proteins, and single dots indicate similar amino acids. (C) Catalytic
ore regions. (D) Conserved regions in the central portions of PAPs. (E) Putative nuclear localization signals and primer-binding regions.
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146 Murata et al.is critical for the formation of the wing margin in Drosoph-
ila (de Celis et al., 1996; Diaz-Benjumea and Cohen, 1995;
oherty et al., 1996). Together, all the results shown in Fig.
are consistent with a role for hrg in the formation of the
wing margin. Mutations in the hrg gene might affect the
expression of wing margin genes, perhaps via modulation of
the Notch pathway, but it is unclear whether the effects of
hrg on Notch activity are direct or indirect.
Formation of the 39 ends of mRNAs is achieved in a
two-step reaction: endonucleolytic cleavage of the precur-
sor mRNA (pre-mRNA) and subsequent polyadenylation. It
has been suggested that polyadenylation might influence
virtually all aspects of the metabolism of mRNA, including
its stability, the efficiency of its translation, and the trans-
port of processed mRNA from the nucleus to the cyto-
plasm, as well as other steps in mRNA synthesis, such as
transcription, splicing, and capping (Barabino and Keller,
1999; Sachs et al., 1997; Wickens et al., 1997). PAP and the
cleavage and polyadenylation specificity factor (CPSF) par-
ticipate in both cleavage and polyadenylation (Barabino and
Keller, 1999). Several studies have demonstrated that the
concentration of a general polyadenylation factor can
modulate formation of 39 ends of pre-mRNA (Chuvpilo et
al., 1999; Takagaki and Manley, 1998; Takagaki et al.,
1996). In the yeast Saccharomyces cerevisiae, PAP has been
shown to be essential for cell viability and for the choice of
polyadenylation sites, as well as for polyadenylation
(Mandart and Parker, 1995; Minvielle-Sebastia et al., 1994).
Thus, the reduced expression of hrg by mutation of the hrg
gene of Drosophila might influence the composition of the
39-end-processing complex, with subsequent inappropriate
cleavage of target transcripts and/or changes in the lengths
of poly(A) tails. Changes in 39-end processing are known to
affect the stability of transcripts and the efficiency of their
translation. Since the levels of expression of “margin
genes”, such as ct, vg, and wg, at the presumptive wing
margin were reduced in hrg mutants, we can speculate that
certain genes that specify the region of expression of “mar-
gin genes” might be very sensitive to the gene dosage of hrg
and that RNA processing of a transcript that encoded the
regulator of “margin genes” might be affected by this
mutation. Under such conditions, region-specific alter-
ations in the expression of margin genes might be observed.
An alternative possible explanation of the region-specific
defects in wing imaginal discs in the hrg mutants involves
the extent of the requirement for PAP. Differences in the
cellular requirements for PAP might result in region-
specific defects in hrg mutants, in which reduced expres-
sion of hrg was observed. Because the activity of PAP might
be tightly controlled to ensure a proper cell cycle, the extent
of such requirements might depend on the cell cycle (Bond
et al., 2000). In the developing Drosophila wing, there are
separate subdomains, such as the zone of nonproliferating
cells (ZNC), in which cells are arrested at the G1 and G2
phase of the cell cycle (Johnston and Edgar, 1998). The ZNC
spans the presumptive wing margin in the wing imaginal
disc and is well correlated with the region affected by
Copyright © 2001 by Academic Press. All rightutation of hrg. Cell cycle-specific defects might be ob-
erved as region-specific reductions in expression of certain
enes.
All viable flies with a mutation in hrg had notched wings,
uggesting that the product of hrg might be involved in the
evelopment of the wing. The hrg gene appears to belong to
family of genes that regulate the development of appro-
riate tissues; its product might regulate the expression of a
eries of genes by controlling the efficiency of polyadenyl-
tion and the processing of the 39 ends of transcripts
Colgan and Manley, 1997). We are currently trying to
dentify the target genes of Hrg that are involved in the
ormal development of the wing margin.
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